Supplementary Note 1: Optimization of the hydrodesulfurization (HDS) of dibenzothiophene (1S).
Investigating the HDS of dibenzothiophene under a variety of conditions revealed several important features of the reaction. First, the reaction appears to require a strong inorganic base (Supplementary Figure 1 , entries 4-10). The reaction does not occur with potassium hydroxide (entry 3) or with organic bases (entries 11-13). Second, the use of a potassium base appears to be vital for HDS to occur; the reaction does not proceed with lithium-or sodium alkoxide bases (entries 1 & 2). Potassium tert-butoxide (KOt-Bu) proved to be the optimal base for the HDS (entry 7) as KOMe (entry 5) and KOEt (entry 6) afforded the product in significantly lower yield. It appeared then that the effectiveness of the KOR/Si-H (KOSi) system correlates with the basicity of the alkoxide; however, the ease of solubility of the base in the reaction medium cannot be discounted as a contributing factor. Third, the yield of biphenyl (1a) increases with increasing temperature (entries 7→10). Although considerations of energy input (especially on an industrial scale) led us to run the HDS reactions at 165 °C, it is gratifying to observe that increasing the temperature to 200 °C further improves the yield of 1a (entry 10). Finally, 
Supplementary Note 2: Robustness evaluation.
Practical considerations of the KOSi method will have an important impact on the likelihood of its eventual implementation in industry. Fortunately, a brief robustness evaluation demonstrates that the reaction is tolerant of conditions that model a general operating environment in a refinery setting (Supplementary Figure 2) .
The robustness investigation conducted in the context of the KOSi HDS of 4,6-Me 2 DBT (3) shows that the reaction tolerates impurities such as those that would be found in bulk, unpurified solvents and reagents and that it can be performed under air. A 10-hour reaction time leads to slightly lower conversion. The reaction shows some sensitivity to water, as would be expected given the sensitivity of KOt-Bu to moisture. Although impacting the yield (see IV), the reaction proceeds in the presence of ambient moisture both on the surface of the glassware as well as in the solvent and reagents. The reaction also proceeds well in ultra-low sulfur diesel (ULSD) as the solvent (see V).
The scalability of the reaction was also evaluated using dibenzothiophene (1S) due to its much lower cost and greater ease of synthesis compared to 3. The reaction scales well with gram quantities of 1S to give the hydrocarbon (1a) product in 53 % yield after 10 h at 165 °C. In this latter case, despite the non-negligible decrease in yield, the fact that the KOSi reaction proceeds in the presence of such a simple, inexpensive, and abundantly available Si-H source is very surprising since PMHS is generally employed for facile reductions, most often of carbonyl derivatives. Most importantly, KOSi with PMHS is a vital proof of principle for future improvements toward eventual implementation.
Supplementary Note

Supplementary Note 4: Quantification of retained Si and K in the KOSi HDS of dibenzothiophene (1S).
The analysis demonstrated that the silicon remaining in the feed is very high. This is of course expected since the eventual fate of the Si atom is sequestration of the sulfur (see Figure 3A, TS6_S -formation of TMS 2 S, and the discussion in the main text) and, like the potassium, no efforts were made to remove any of the silicon from the mixture so as not to affect the ultimate
[S] quantification in any way. Any unreacted or oxidized silane will also remain in the feed due to low volatility. In order to advance the KOSi method from a decisive proof of principle to a practical polishing refining technology, the silicon source would have to be inexpensive such as PMHS (Supplementary Figure 3, entry 6 ). Conversely, homogeneous silicon species -such as those used and formed herein -could be removed from the feed by scrubbing or by distillation and ideally be reactivated and reused. Regarding the latter, since the major Si product is an Si-SSi species, it may be possible to hydrogenate the two Si-S bonds using H 2 to reform the active hydrosilane (i.e., reform the Si-H bond) with concomitant release of H 2 S. Work is currently ongoing toward this end. At that point, it was not clear why deoxygenation in those substrates was not observed. However, with the knowledge gleaned from the density functional theory studies performed herein, it becomes clear that the barrier to deoxygenation of these substrates (e.g., 3O) is simply too high to be overcome at the standard KOSi temperatures. Indeed, the energy for displacement of Me 3 SiO by Me 3 Si is quite high (37.5 kcal/mol). Increasing the temperature of the reaction to 165 °C (entry 2) and finally to 200 °C (entry 3) systematically results in increased conversions as expected and results in high yields of 3a-OH. However, conducting the reaction at 200 °C for 60 h, 7% of 3a is obtained, constituting the first observations of deoxygenation of a dibenzofuran derivative using the KOSi system. This result lends support to the proposed mechanism and correponding energetics provided by density functional theory calculations and warrants further exploration into hydrodeoxygenation (HDO) chemistry by KOSi.
Supplementary Note
Supplementary Note 6: Free energies and transition states for the KOSi HDS of 4,6-dimethyldibenzothiophene (3).
Refer to Figure 3A in the main text. The carbon of the C-S bond of the substrate (3) is proposed to be attacked by silyl radical through TS1_S with a barrier of 15.5 kcal/mol to form Int1_S, which can undergo C-S bond homolytic cleavage through TS2_S (11.8 kcal/mol) to form Int2_S. The subsequent silyl radical migration from C to S through TS3_S has a high barrier of 31.8 kcal/mol. The direct attack onto the heteroatom, S, of the substrate was also considered, followed by C-S homolytic cleavage through TS4_S. This transition state has a lower barrier than the migration transition state TS3_S by 5.4 kcal/mol. Once the carbon radical species, Int3_S, is formed, it can abstract an H atom from trimethylsilane through TS5_S to form silylated biaryl-2-thiol Int4_S. This hydrogen abstraction step is the rate-determining step with an overall barrier of 27.2 kcal/mol. Then silyl radical attack at the S atom through TS6_S forms biaryl radical and disilathiane to complete the desulfurization process. Finally, the biaryl radical abstraction of an H atom from trimethylsilane (TS7_S) is a very facile process to generate the final biaryl product and regenerate the silyl radical. The overall process is exergonic by 32.7 kcal/mol. In summary, for substrate 4,6-dimethyldibenzothiophene (3), silyl radical attack at the heteroatom S and eventual attack of a second silyl radical at the S of the biaryl silyl thioether to give desulfurization is a favorable pathway. The calculated transition states discussed above are Refer to Figure 3B in the main text. Different from the 4,6-dimethyldibenzothiophene case (3), the direct attack of the silyl radical to the heteroatom of 3O, breaking one C-O bond, is very unfavorable with a barrier of 43.3 kcal/mol (TS4_O). Instead, silyl radical attack at carbon atom of the C-O bond of 4,6-dimethyldibenzofuran (3O) through TS1_O has a barrier of 16.2 kcal/mol, leading to Int1_O, which undergoes C-O bond homolytic cleavage through TS2_O (22.4 kcal/mol) to generate Int2_O. The subsequent silyl radical migration from C to O through TS3_O requires an overall activation free energy of 26.7 kcal/mol and is the rate-determining step. The carbon radical species, Int3_O, is relative stable, and can abstract an H atom from trimethylsilane through TS5_O to form silylated biaryl-2-ol, Int4_O. The silyl radical reattacking the O atom through TS6_O is a very unfavorable process with a barrier of 37.5 kcal/mol. It is speculated that silylated biaryl-2-ol, Int4_O, can undergo hydrolysis to form the biaryl-2-ol product 3a-OH that is observed experimentally. In summary, for substrate 4,6-dimethyldibenzofuran (3O), the silyl radical attack at O is unfavorable for both the substrate and the intermediate biaryl silyl ether. The silyl radical preferentially attacks the aryl group of the substrate and finally undergoes hydrolysis to generate biaryl-2-ol 3a-OH instead of the deoxygenation product 3a. The calculated transition states discussed above are visualized in Supplementary Figure 7 . Supplementary Table 1 ZPVE = zero-point vibrational energy; TCE = thermal correction to energy; TCH = thermal correction to enthalpy; TCG = thermal correction to Gibbs free energy.
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